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lonner@comcaUnicompartmental kneearthroplasty is a successful procedure for the treatment of focal arthritis
or osteonecrosis of themedial or lateral compartments of the knee. Although unicompartmental
knee arthroplasty may pose lower risk of perioperative complications and achieve better
functional outcomes than total knee arthroplasty, a high degree of accuracy of implant
positioning and soft tissue balance are required to optimize durability and implant survivorship.
First-generation robotic technology improved substantially implant position compared with
conventionalmethods; however, high capital costs, uncertainty regarding the value of advanced
technologies, and the need for preoperative computed tomography scans were barriers to
broader adoption. This article reviews the next-generation robotic technology—an image-free
handheld robotic sculpting tool—which offers an alternative method for optimizing implant
positioning and soft tissue balance without the need for preoperative computed tomography
scans and with price points that make it suitable for use in an outpatient surgery center.
Oper Tech Orthop 25:104-113 C 2015 The Author. Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The popularity of unicompartmental knee arthroplasty(UKA) continues to grow, currently accounting for
roughly 10% of all knee arthroplasty procedures, and the
percentage is anticipated to increase to more than 20% in the
future.1-3 The use of UKA increased between 1998 and 2005 at
an average rate of 32.5% comparedwith the growth of 9.4% in
the rate of total knee arthroplasty in the United States.1 Interest
in UKA continues to expand as an early intervention strategy
and is viewed as amore conservative procedure than total knee
arthroplasty, with better kinematics and functionability.4,5
UKA is also a particularly relevant option when considering
that our knee replacement patients today tend to be more
active, younger, and often present with an earlier stage
of arthritis than in years past.6 Even without expanding theg/10.1053/j.oto.2015.03.001
2015 The Author. Published by Elsevier Inc. This is an open
ommons.org/licenses/by-nc-nd/4.0/).
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st.netappropriate surgical indications, a growing interest in outpatient
knee arthroplasty procedures, and the emerging use of surgery
centers for UKAwill likely increase training and endorsement of
these procedures by a growing volume of surgeons.
Successful results and durability of unicompartmental
arthroplasty are affected by a variety of factors, including
appropriate surgical indications, implant design, component
alignment and ﬁxation, and soft tissue balance. Early mechan-
ical failure has been shown to occur in the setting of excessive
posterior tibial slope or varus of the tibial component or both.7-
9 Achieving consistently accurate alignment of the tibial
component in UKA using conventional approaches is difﬁ-
cult.7,10-12 Outliers beyond 21 of the desired alignment may
occur in as many as 40%-60% of cases using conventional
methods,12,13 and the range of component alignment varies
considerably, even in the hands of skilled knee surgeons.7 The
problem is compounded when using minimally invasive
surgical approaches.10,11,14 In a study analyzing the results of
221 consecutive UKAs performed through a minimally
invasive approach, tibial component alignment had a mean
of 61 (standard deviation 4) of varus and a range from 181
varus to 61 valgus.11access article under the CC BY-NC-ND license
Figure 1 (A and B) Navio Precision Free-hand Sculptor (Navio PFS)
(Blue Belt Technologies, Plymouth, MN). (Color version of ﬁgure is
available online.)
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the number of outliers and improve the accuracy of UKA. Even
with computer navigation, the incidence of outliers (beyond 21
of the preoperatively planned implant position) may approach
15% resulting from imprecision with the use of standard
cutting guides and conventional methods of bone prepara-
tion.12 Semiautonomous robotic guidance was therefore
introduced to not only capitalize on the improvements seen
with computer navigation but also to further reﬁne and
enhance the accuracy of bone preparation, even with mini-
mally invasive techniques, by better interfacing and integrating
the planning and performance of bone preparation.13,15-24
Although the emergence of robotics in knee and hip arthro-
plasty has been gradual, semiautonomous robotic technology
is currently being utilized in more than 15% of the UKA cases
performed in the United States.25 Enhanced precision and
optimized outcomes have raised substantially the interest in
semiautonomous robotics for UKA (and increasingly other
procedures), but the challenge facing the robotics sector is to
produce technologies that are also efﬁcient and economically
feasible. Although ﬁrst-generation semiautonomous robotic
technology was found to signiﬁcantly improve precision and
reduce error of bone preparation and component positioning
in UKA, broader adoption of robotic technology was impeded
by several factors: the high capital andmaintenance costs of the
ﬁrst-generation systems; soft tissue complications observed
with an autonomous (active) robotic system used for a brief
time by several centers for total hip and knee arthroplasty
primarily in Asia and Europe; skepticism regarding the
importance of optimizing precision in UKA; expense, incon-
venience, and delays associated with having to obtain preop-
erative computed tomography (CT) scans for planning and
mapping; and concern regarding the potential carcinogenic
risk associated with radiation exposure with CT-based
planning.18,20,26,27
The story of the evolution of robotics in knee arthroplasty is
a study in the characteristic pattern that deﬁnes technological
progress and innovation, in general, whereby exponential
developments occur along with declining capital and main-
tenance costs, smaller space requirements, broadening access,
and increased use.28 A newer image-free semiautonomous
robotic technology (Navio PFS [Precision Free-Hand Sculp-
tor], Blue Belt Technologies, Plymouth,MN) is an alternative to
the ﬁrst-generation autonomous and semiautonomous CT-
based systems, with data in the ﬁrst 1000 cases showing
optimization of accuracy and no compromise of safety. This
technology is reviewed herein.Navio PFS SystemOverview
The Navio PFS robotic system is a handheld image-free open-
platform sculpting device available worldwide for assistance in
UKA and patellofemoral arthroplasty (PFA), having received
initial CE Mark and United States Food and Drug Admin-
istration clearances in February and December 2012, respec-
tively (Fig. 1). This lightweight robotic tool combines image-
free intraoperative registration, planning, and navigation withprecise bone preparation and dynamic soft tissue balancing. As
a semiautonomous system, it augments the surgeon’s move-
ments, with safeguards in place to optimize both accuracy and
safety. The system continuously tracks the position of the
patients’ lower limb, as well as the handheld burr, so that the
limb position and degree of knee ﬂexion can be changed
constantly during the surgical procedure to gain exposure to
different parts of the knee during registration and bone
preparation through a minimally invasive approach.
J.H. Lonner106After percutaneous insertion of bicortical partially threaded
pins into the proximal tibia and distal femur and attachment of
optical tracking arrays, mechanical and rotational axes of the
limb are determined intraoperatively by establishing the hip
and knee centers and the center of ankle. Either the kinematic,
anteroposterior (Whiteside), or transepicondylar axes of the
knee are identiﬁed and selected to determine the rotational
position of the femoral component (Fig. 2). Osteophytes are
excised and the condylar anatomy is mapped out by “painting”
the surfaces with the optical probes (Fig. 3). A virtual model of
the knee is created (Fig. 3). In this way, intraoperativemapping
supplants the predicate system that required a preoperative
CT scan.
A dynamic soft tissue balancing algorithm is initiated. With
an applied valgus stress to tension themedial collateral ligament
(for medial UKA) or a varus stress to tension the lateral
structures (for lateral UKA), the 3-dimensional positions of
the femur and the tibia are captured throughout a passive range
of knee motion and implant sizes, position, and orientation are
"virtually" established (Fig. 4 and Fig. 5). A graphic representa-
tion of gap spacing through an entire range of ﬂexion is created,
and determination is made regarding whether the planned
position of the femoral and tibial components is adequate or
adjustments can be made to achieve the desired soft tissue
balance (Fig. 5). By adjusting the implant positions—including
tibial slope, depth of resection, and anteriorization or distaliza-
tion of the femoral component—virtual dynamic soft tissue
balance can be achieved.
Either a 5- or 6-millimeter handheld sculpting burr is used to
prepare the bone on the condylar surfaces (Figs. 6 and 7).
Unlike its predecessors, Navio PFS does not rely on “haptic”
feedback. Rather, it provides protective control against inad-
vertent bone removal bymodulating the exposure and speed ofFigure 2 After attachment of bicortical pins and optical trackers to the
distal femoral and proximal tibial metaphyses, and establishment of
the hip center and mechanical axes of the femur and tibia, the knee is
ﬂexed through a full range of motion to determine the kinematic
rotational axis of the knee. This is the basis for establishing the
rotational position of the femoral component. Alternatively, the
anteroposterior or transepicondylar axes of the femur can be used.
Figure 3 Condylar anatomy is mapped out by “painting” the surfaces
of the femoral condyle and tibial hemiplateau with an optical probe
(A) intraoperative photo, (B) mapping of the femoral surface, and
(C) mapping of the tibial surface).themotorized burr. In “exposure-control”mode, theNavio PFS
system modulates the exposure of the burr tip beyond the
protective sheath. These positiondata are continuously updated
in real time, resulting in ﬂuid adjustments in position of the
burr tip. In “speed-control”mode, the passive exposure guard is
removed from the Navio PFS hand piece, and the system
Figure 4 After osteophyte excision, a dynamic soft‐tissue soft tissue balancing algorithm is initiated. In the case of a medial
UKA, a valgus stress is applied to tension the medial collateral ligament and other medially based soft tissues (A and B).
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to the target surface. This allows the burr to spin and remove the
intended bone but slows and stops the burr when the tip has
reached the ﬁnal preparation position. Speed-control mode is
ideal for preparing the lug holes, as the algorithms inherently
allow the user to ﬁnd the correct plunge trajectory, prevent
cutting bone beyond the walls of a lug hole and stop the burr
from cutting bone at the bottom of the lug hole.
After bone preparation, the surfaces are assessed and trial
components impacted into place for assessment of range of
motion and stability. Limb alignment, range of motion,
implant position, and gap balance can be quantiﬁed and
compared with the preoperative plan (Fig. 8). If necessary,
additional bone can be removed by making adjustments to
slope or depth of resection in the surgical plan on the
computer, and then resculpting the bone surfaces. Once
the knee is considered adequately aligned and balanced, the
ﬁnal components are cemented into place (Figs. 9 and 10).
Perioperative Management
For most patients, UKA and PFA are performed on an
outpatient basis, at either a surgery center or a hospital.
Successful implementation of outpatient partial knee arthro-
plasties requires a good deal of preoperative preparation,
medical risk stratiﬁcation, patient education and expectation
management, scheduling of postoperative physical therapy,
commitment from the patient’s family or friends to provide
assistance after surgery, and prescription provision for venous
thromboembolism prophylaxis, antibiotics, and pain
management.
Intraoperative ﬂuid management, minimization of intra-
operative sedation, low-dose spinal anesthesia with bupiva-
caine, and perioperative nausea control are critical to secure
early discharge. Standard risk patients are typically discharged
within 2-6 hours after surgery, and higher risk patients can stay
for 23 hours; occasionally patients are admitted overnightdepending on circumstances. Patients are encouraged to
ambulate immediately with a cane, crutches, or walker with
immediate range-of-motion exercises initiated via an interactive
web-based program or simple preprinted handout. Formal
outpatient physical therapy should be commenced within 2-5
days of surgery. Use of a cane can be terminated once the
patient recovers adequate balance and strength. Many patients
may be able to ambulate without a cane as soon as 2-3 weeks
after surgery.
Effective postoperative pain management is one of the most
important factors contributing to a successful UKA outcome.
Patients whose pain is well controlled are more likely to
participate in physical therapy, facilitate early hospital/surgery
center discharge, and resume independent unassisted ambu-
lation. Although perioperative protocols are re-evaluated
periodically and may evolve over time, my current protocol,
which I have been using for the past few years, includes the
following, unless contraindicated owing to allergy, medical
comorbidity, age-related issues, or drug interactions:
Preoperative medications: Celecoxib 200 mg daily starting 2 days before surgery
 Oxycontin 10 mg in the morning of surgery
 Within 2 hours of surgery, patients are given acetami-
nophen 975 mg, celecoxib 400 mg, and pregabalin
75 mg (orally).Intraoperative medications: Spinal anesthesia with low dose bupivacaine (7.5 to 10
mg) is used. Indwelling catheters, epidural anesthesia,
and postoperative patient controlled anesthesia are
avoided. Pericapsular injections are given currently using either
40 mLof 0.5% ropivacaine or a combination of 30 mL of
0.5% plain bupivacaine and 266 mg of liposomal-based
Figure 5 After a virtualmodel of the femoral condyle (A) and tibial hemiplateau (B) is created, femoral and tibial component
sizes, alignment, and position are determined. Note in (A), the anterior-most edge of the femoral component would
overhang slightly anteromedial to the tide mark of the medial femoral condyle. The plan was adjusted and the surface
prepared for an implant one size smaller. A virtual graphic representation of gap spacing (relative laxity or tightness) is
provided through a full range of motion, and an assessment can be made regarding the planned positions of the femoral
and tibial components and anticipated correction of limb alignment (C). In this case, the plan determined that limb
alignment would be corrected from 41 to 31 of mechanical varus. Contact points showing virtually where the femur is
anticipated to be tracking on the tibia based on implant position and soft tissue balance are also shown (D). Adjustments in
position can be made accordingly. (Color version of ﬁgure is available online.)
J.H. Lonner108bupivacaine diluted in 40 mL of 0.9% saline (compara-
tive study is ongoing) Tranexamic acid administered intravenously (IV), using
weight-adjusted dosing Patients are well hydrated during surgery
Postoperative medications: Postoperatively, the goal is to avoid overuse of intra-
venous medications and narcotics. Although most
patients are discharged within a few hours after surgery
and do not require these additional medications, my
preferred medications while in the surgical center or
hospital includes the following: standing orders of orallyadministered acetaminophen 650 mg, every 6 hours
(starting 12 hours after ﬁrst dose); pregabalin 75 mg
every 12 hours (avoid in patients over age 80); and
Toradol 30 mg IV every 6 hours (modify dose to 15 mg
IV for elderly patients). For breakthrough pain, oxy-
codone IR 10 mg every 4 hours and Tramadol 50 mg
every 6 hours can be given orally as needed. Patients are discharged on Percocet 5/325 mg every 4-6
hours as needed A compressive cold wrap with freezable gel packs is
encouraged as an effective adjuvant to postoperative pain
management Zofran 4 mg 1-2 pills every 6-8 hours as needed
for nausea
Figure 6 Real-time (A) and virtual views (B) of femoral preparation
with the 6 mm burr attached to the handheld robotic sculpting tool.
F
ti
Figure 8 (A and B) With trials in place, limb alignment and soft tissue
balance are reconﬁrmed. In this case, ﬁnal limb alignment in full
extension is 31 varus, consistent with the preoperative plan (A). A 1-2-
mm shim can be inserted to conﬁrm reasonable balance through a
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bial
range of motion (B).Some form of venous thromboembolism prophylaxis
is recommended for 4-6 weeks. Most standard risk
patients are adequately protected with enteric coated
aspirin, 325 mg twice daily (with Protonix 40 mg
daily), although surgeons should use their preferred
method of thromboprophylaxis. Higher risk patients
inject low-molecular-weight heparin 30 mg twice7 Intraoperative view of the precisely prepared femoral and
surfaces.
Figure
place.daily starting in the morning after surgery (12-24
hours postoperatively). For patients discharged home on the day of surgery, oral
antibiotics are given for postoperative use, either Keﬂex9 Intraoperative appearance of medial UKA cemented into
Figure 10 (A-G) Standing preoperative anteroposterior (AP), standing midﬂexion posteroanterior (PA), lateral, sunrise
radiographs showing isolated anteromedial osteoarthritis of the right knee in a 58-year-old woman. (E-G) Standing
postoperative AP, full-length AP, and lateral radiographs after medial UKA using Navio PFS.
J.H. Lonner110500 mg or ciproﬂoxacin 500 mg, 1 pill taken at 8-hour









Flex-ext (deg) 2.1 2.1 1.8 6.0
Varus-valgus (deg) 2.1 1.7 2.5 4.1
Int-ext (deg) 3.0 3.1 1.7 6.3
Prox-dist (mm) 1.0 1.0 1.3 2.8
Ant-post (mm) 1.6 1.8 1.3 2.4
Med-lat (mm) 1.0 0.6 1.0 1.6Results
Several key preclinical and clinical studies have been com-
pleted and others are currently being conducted to evaluate
robotically assisted UKA with the Navio sculptor.
In an initial feasibility study of Navio PFS, Smith et al
assessed the accuracy of bone preparation in 20 synthetic lower
extremities (10 right and 10 left) and found root-mean-square
(RMS) errors across all angular orientations (ﬂexion-extension,
varus-valgus, and rotation) ranging from 1.051-1.521 for the
femoral implant and 0.661-1.321 for the tibial implant. RMS
translational errors averaged 0.61 mm, with a maximum of
1.18 mm.Mean surface overcut or undercutwas 0.14 mmand
0.21 mm for the femoral and tibial surfaces, respectively.29,30
A follow-up study by Lonner et al evaluated the
precision of bone preparation using Navio PFS in 25
cadaveric specimens. The “planned” and “actual” angular,
translational, and rotational positions of the components
were compared. The RMS angular errors were 1.421-2.341
for the 3 directions for the femoral implant and 1.951-
2.601 for the 3 directions of the tibial implant. The RMS
translational errors were 0.92-1.61 mm for the femoralimplant and 0.97-1.67 mm for the tibial implant.17 The
results are further summarized in the Table, with compar-
ison made with other series reviewing implant position
with robotic and conventional technologies.
A clinical study by Picard et al31 reported on 65 patients
undergoingmedial UKAusingNavio. The plannedmechanical
axis alignment was compared with the postsurgical alignment
using full-length, double-stance, weight-bearing radiographs.
The average preoperative alignment was 4.51mechanical varus
(standard deviation ¼ 2.91, range: 0-121 varus). The average
postoperativemechanical axis was corrected to 2.11 (range: 01-
71 varus). The postoperative mechanical axis alignment in the
coronal plane was within 11 of the intraoperative plan in 91%
of the cases. Of 6 cases with postoperative alignment greater
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thickness of the tibial polyethylene insert implanted. The
average difference between the “planned” intraoperative
mechanical axis alignment and the postoperative long leg,
weight-bearing mechanical axis alignment was 1.81.
Surgeon endorsement and technology use in the case of
joint arthroplasty requires proof of precision and safety;
however, advances observed with innovative technologies
must not substantially prolong surgical times or come at the
expense of a lengthy learning curve to achieve the desired
surgical outcome. A study by Gregori et al32 examined the
number of surgeries required to reach “steady-state” surgical
time among 5 surgeons in consecutive UKA cases performed
using the Navio robotic system. The surgeons had each
performed at least 15 surgeries. “Steady state” was deﬁned as
the point in which 2 consecutive cases were completed within
the 95% CI of the surgeon’s “steady-state” time. The average
surgical time (tracker placement to trial acceptance) from all
surgeons across their ﬁrst 15 cases was 56.8 minutes (range:
27-102 minutes). The average improvement was 46 minutes
from slowest to quickest surgical times, with “cutting” phase
decreasing on average by 31 minutes during the initial 15
cases. On average, it took 8 procedures (range: 5-11) to reach a
steady-state surgical time. The average steady-state surgical
time was 50 minutes (range: 37-55 minutes).
Schwarzkopf et al33 found that complexity of revision from
UKA to total knee arthroplasty is substantiallymore challenging
and the need for augments greater when a thicker polyethylene
insert is used at the time of UKA. In an unpublished series, we
retrospectively compared the distribution of polyethylene insert
sizes implanted using conventional and robotic-assisted tech-
niques for UKA. Several manufacturers provided a listing of
consecutive polyethylene insert sizes used in UKA. The analysis
included 7902 robotic-assisted UKA cases and 27,989 conven-
tional UKA cases. In the robotic and conventional groups, 8-
and 9-mm polyethylene inserts were used in 94% and 85% of
knees, respectively. Polyethylene inserts larger than 10 mm
were used in 0.1% and 5.6% of robotic and conventional cases,
respectively. Robotic-assisted UKA produced amaximum tibial
resection of 11 mm; conventional UKA yielded a maximum
polyethylene thickness of 14 mm. The percentage of poly-
ethylene inserts of 10 mm or less was statistically signiﬁcantly
greater in cases performed with robotic assistance (P o
0.0001). No signiﬁcant differences were noted in the percen-
tages of polyethylene sizes between Navio or Mako cases.
CT technology has experienced expanded diagnostic and
clinical applications in health care. However, emerging data are
raising concerns regarding the potential carcinogenic risks
from radiation exposure from CT scans and prompting
discussion about whether the risks of radiation exposure are
offset by their potential substantial medical beneﬁts or whether
alternative diagnostic studies and surgical procedures that do
not require preoperative CT scans should be considered. In the
realm of robot-assisted UKA, 2 systems are currently available
for use in the United States—one that requires a preoperative
CT scan for planning and one that does not. A study by Ponzio
and Lonner analyzed the radiation avoidance by switching
from a CT scan-based system (Mako, Stryker Mako, FortLauderdale, FL) to the Navio image-free system discussed in
this article. The effective dose (ED, mSv) of radiation was
calculated from preoperative CT scans of 211 patients (236
knees) undergoing Mako robot-assisted UKA.26 The mean ED
associated with preoperative CT was 4.8 3.0 mSv (approx-
imately equivalent to 48 chest radiographs). Overall, 25% of
patients had one or more additional CT scans, amounting to a
cumulative ED per patient up to 103 mSv. Taken in the
context that the U.S. FDA has stated that an effective CT
radiation dose of 10 mSvmay be associatedwith the possibility
of fatal cancer in approximately 1 in 2000 patients compared
with the natural incidence of fatal cancer in the United States
(E1 chance in 5),34 steps should be taken to mitigate
exposure to avoidable radiation, as the US FDA has warned.35
The radiation avoidance associated with the image-free Navio
system is thus of substantial clinical consequence.Complications
Typical complications observed after UKA with conventional
techniques may also occur with robotic control, including
loosening of the prostheses, polyethylene wear, progressive
osteoarthritis of the unresurfaced compartments of the knee,
infection, stiffness, instability, thromboembolic complications,
and others.
Speciﬁc complications related to robot-assisted UKA include
issues with pin placement, longer initial operative times, and
case conversion owing to mechanical or hardware issues. The
pin tracts for the optical tracking arrays create a stress riser in the
cortical bone, which poses a risk for fracture; therefore it is
highly advised that the tracking pins be inserted in the
metaphyseal regions of the femur and tibia rather than the
diaphyses, to minimize fracture risk.36 Inadvertent pin place-
ment could also theoretically cause neurovascular laceration.
Most concerning, however, is the risk of inadvertent soft tissue
complications during bone preparation with the robotic tool. A
study by Chun et al reported the need to abandon 22%of cases
using an autonomous robot-assisted technology (Robodoc,
CurexoTechnologyCorp, Fremont, CA).Overall, 5%were due
to patellar tendon disruption; the remainder were a result of
technical or mechanical glitches of various sorts.37,38 In
contrast, the need to abandon the procedure with the semi-
autonomous, surgeon-driven technology used by this author
has been less than 0.5%. Unlike the relatively high incidence of
soft tissue injuries reported with autonomous systems, there
have been no soft tissue injuries with the Navio semiautono-
mous robotic sculpting tool in the initial 1000 cases.Pearls and Pitfalls Follow sound principles of implant positioning with
conservative bone resection. Intraoperative adjustments
can be made, but overresection cannot be corrected. Adequate surgical exposure is critical. Although the
procedure is amenable to minimally invasive techniques,
J.H. Lonner112the surgeon should comfortably visualize all aspects of
the surgery. Trace the ﬁeld before starting the burr. Ensure the bone
being resected corresponds to the plan and “makes
sense” before proceeding. Protect soft tissue structures with retractors during all
aspects of the case. With the trial components in place, assess component
position and kinematic balance of the knee. Make
adjustments if necessary.Conclusion
Robotic innovation is a growingmethod of bone preparation
and soft tissue balance for UKA, now being used in more
than 15% of cases in the US. The application of robotics is
also expanding into other procedures, such as PFA, total hip
arthroplasty, femoral acetabular impingement, spine sur-
gery, and beyond, with anticipation that there will be
continued growth of robotic use over the next few years.
The Navio robotic sculpting system described in this review
is a second-generation semiautonomous robot that, unlike
its predecessors, does not require a preoperative CT scan.
Without compromising precision or safety, Navio repre-
sents considerable savings on multiple levels—including
savings of time, inconvenience, and radiation exposure
related to the elimination of the preoperative CT scan;
savings on space requirements; and savings on capital and
per-case costs. These are clear beneﬁts for the key stake-
holders—payers, hospitals, surgeons, and patients. Navio
dovetails nicely into the transition we are seeing nationwide
whereby partial knee arthroplasties are increasingly being
performed on an outpatient basis, with greater use in
surgery centers rather than hospitals. Its reduced costs,
small foot print, and diminished storage needs are perfectly
suited for use in these outpatient centers.
Although it is anticipated that improved component
alignment and quantiﬁed soft tissue balance achieved with
this technology will translate to improved midterm and
long-term outcomes and survivorship, we currently can
only use these measures as surrogates for improved clinical
outcomes. Prospectively tracking our patients will be
necessary to determine whether the added precision of
Navio will correlate with better durability. Proponents of
semiautonomous robotics anticipate that functional out-
comes, implant durability, and preservation of the adjacent
tibiofemoral compartment will indeed be optimized with
these technologies.
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